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Introduction 

Current measurement within electronic 
circuitry is a common requirement in portable, 
handlield equipment, through to automotive 
applications. This application handbook 
explores these factors for AC and DC current 
measurement and the implications on cost and 
performance for different approaches. Basic 
application topologies are explored including 
typical example calculations (or configuration. 

Basic applieation^ipit 

Closed loop systems 

• Current is measured and is modified to a 
reference value by some control element. 
AC response can be critical here. 
Examples include: 

1) Switching power supplies with current 
limiting functions or switch modeb^tery 
charging circuits. 

2) PWM control of solenoids (automotive 
valve applications). 

3) RF transmit control loops in portable 
cellular equipment, where transmitted 
power is adapted with distance. 

4) Control of bias currei^ In (RF) power 
amplifiers. 

• QVTent is compared to sorne preset value 
aM:is switidied off if exceeded, 
iiewilptes include: 



1) Electronic fuses, internal fault limiting in 
equipment on distributed power systems. 

2) Auto shutdown functions for DC motor 
ccMitrol (replacing slipping mechanical 
clutches), 

Openloop qrstems 

• Current is measured and made available 
for some other ^stem, usually less time 
critical. 

1) Current measurement in instrumentation 
(bench power supplies, ammeters, current 

probes). 

2) Power consumption measurement 
circuitry, especially portable battery 
powered consumer items. 

Factors that deteitnim <^%pe«r 
methods used 

• Magnitude of current 

• The need for electrical EsffllatMi i^.' 

• Accuracy 

• AC response 

• Cost 

Summary matrik of methods and 
performance 

Figure 1 below shows the methods described 
in this handbook and a rough comparison 
between the most common factors lOtKid in 
current measuring application. 



Figure 1 Matrix of common msasuremant methods 
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Chapter 1: 
Resistive DC current measurement 



The applications addressed by this chapter 
include steady state DC and potentially those 
requiring recovery of high frequency 
components modulating DC currents and 
bMirectionat measurement also. 

Inserting a resistance into the cun%nt path has 
the great advantage of converting that current 
to voltage for other circuits In a linear way as it 
inherently follows Ohm's law; 

Voltage (V) » Current (A) x Resistance (Q). 

Its inherent disadvantage is that introducing 
resistance to electrical circuits produces power 
loss manifested as heat and by definition 
increases source impedance of the supply. 

Power dissipated (W) = Ciimi^ (A) X Resistance 0^ 

Ideally then, resistant Inserted Is as close to 
zero as possible. 



In accordance with this, the lowest value of 
resistance will produce the lowest power 
dissipation. The resistance cannot be zero, 
since a voltage is required to produce a 
corresponding output current. As this voltage 
decreases, circuit offset voltages become a 
larger fraction of the measured voltage and 
therefore accuracy is reduced. 

Therefore a balance between required 
accuracy and power dissipated for a given 
current must be chosen. 
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1.1 Low-side mistive measurement 

Low-side (negative or ground potential) 
measuring circuits generally offer the simplest 
solutions because the resulting signal is 
already ground referenced. One such method 
Is to insert a small resistance into the ground 
plane between the supply's ground and the 
load to be measured, shown in figure 3. The 
resulting proportional voltage that is 
developed across that resistance csa bet used 
directly or amplified. 

Care must be taken to add further circuitry on 
the correct side of Rsense- Circuit C will 
contribute additional current to that of Circuit 
B; this may or may not be desirable. To avoid 
this happening, other circuits should be place 
In the position of circuit A so their currents do 
not p«» throu^ f^«n»- 



A more subtle consequence of placing 
resistance in the ground plane is that any 
voltage signal that crosses Rsense will have an 
offset relative to ground, '-VE rail' is now at the 
potential of Vsense, which will change with 
ILoad. This will be unacceptable with most 
analog signals. An important property of the 
current measurement circuitry is that it should 
be atjie to accept Vsense. a signal of typically 
tens of millivolts from ground - input of^t can 
be a consideration here. 

Zetex has no integrated products currently to 
address low-side current measurement 
circuitry, suffice to say that the advice given 
regarding power and accuracy still apply and 
that operation amplifier based circuits to boost 
ttie s^ise voltage signals are common. 



Figure 3 Low-sicle measurement 
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1.2 High-side r^stlMi meatsnpeiiient 

In some applications, the loss of true ground 
cannot be tolerated because of the inter-circuit 
offsets incurred, as mentioned opposite. 
Sometimes, regardless of whether the effects 
of disrupting the ground plane could be 
ignored or tolerated, it is not possible to adopt 
this method. Where a system uses a common 
ground In the form of a metal chassis, for 
example automotive environment, 
components that are connected mechanically 
to it may not have the first method as an 
option. It is then necessary to measure the 
current in the supply (high-side). 



The challenge now. If the resistive sensing 
option is adopted. Is to translate this small 
common mode sense voltage on the supply 
rail to a ground referenced signal, as further 
circuitry in most cases will require this. Zetex 
has created the ZXCT range for this 
r^iuimment. 



Figure 4 High-side measurement 
^Supply O ' 
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1.3 Properties of high-side to low side tfansl^tmn lyrcuits 



1.31 Aeewaty 

Accuracy is conditional on the size of the sense 
voltage for a given circuit design. Consider a 
fixed input offset of say ImV on a translation 
circuit. A lOOmV sense voltage would then 
have a theoretical best accuracy of 1 % (A) and a 
lOmV sense voltage, 10% error (B). Discrete 
transistor circuits are not going to give more 
than a modest performance in this application. 
For any tolerances better than 5% max, 
operational amplifiers and dedicated tCs are 
needed. 

1.32 Frequency or transient response 

This may not be at all important in some 
circuits, automatic shutdown of DC motors 
probably won't require less than a few 
milliseconds response time. Whereas cycle by 
cycle current limiting in a switching power 
supply might well need small signal responses 
in the order of a microsecond or even down to 
the tens of nanoseconds. Closed loop power 
supply systems which are monitoring average 
current will require response times in the 10s 
or 100s of microseconds. 



1 .33 Power consumption 

Current is required to drive parasitic and load 
capacitances so the speed requirement will 
always be a balance with supply current - 
usually only important in battery portable 
applications. For example to drive a signal of 1 
volt into 5pF of load capacitance at 10kHz you 
need only hundreds of nanoamps of signal 
current and so bias currents will dominate. If 
you want to drive a signal with 10ns edges at a 
volt into the same load you'll need hundreds of 
microamps, changing the biasing of the circuit 
in a way which make it less suitable for battery 
applications. One circuit will not give you both 
microamp operating currents and excellent ac 
performance, so choice has to be made. 

1.34 Maximum aHowed sense voltage 

Even if the magnitude of the sense voltage is 
not critical from a power dissipation 
perspective, i.e. if small currents are being 
measured, there may be a maximum voltage 
drop for supply headroom in the measured 
circuit. 



Figure S Output error vs input offset 





'I 



1.4 ConskteratkMis for sense r^stets 
1.41 Power dM^tim 

Power dissipation in resistors causes heating 
effects, the question is how much can be 
tolerated and what further consequences are 
experienced. For currents under 1 A, in general 
this is unlikely to pose any problems as a 
typical sense voltage would yield power 
dissipations of less than lOOmW, handled by 
most surface mount and through-hole 
resistors. As figure 2 infers, the power 
dissipation is directly linked to the accuracy 
required. It would be more critical for a large 
current to have a low sense voltage in order to 
minimise power dissipation and so for a given 
accuracy the translation circuit tolerances 
must be lower. 

Example: 20A current must be sensed with 
maximum 500mW of dissipated power and 
with typical 3% accuracy. We must determine 
the allowable input offset. 



Power -t^xRsense 



-1.25ma 

(4 X SmQ resistors in parallel) 
Vsanseat 20A, 

V = I. R => 20 X 1.25x10'* » 25 mV. 

So the circuit must have a typical input offset of 

3% of 25m V => 0. 75m V or less. 

The ZXCT1021 and ZXCT1022 were created to 
meet design requirements such as these: they 
are rated at 3% accurate at a lOmV sense 
voltage. In the case above they allow a power 
dissipation of HMf^ ^ same typical 
accuracy. 
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The other important reason to keep the 
self-heating of the resistors low is to minimise 
the further loss of accuracy caused by the 
temperature coefficient of the sense resistor. 

Component to ambi^t thermal resistances of 
surface mount resistors on a PCB could be in 
the order of 200*CAA^ - i.e. a 250mW dissipation 
would cause a tem^a^itiire rise of SO degrees 
above ambient. 

Consider a resistor with a temperature 
coefficient of 100ppm/°C, this would give a 
further 0.5% error from the self-heating effects 
which must be factored into the assessment of 
circuit tolerances, this does not take into 
account the operating temperature range. 

Type of resistor 

In most cases surface mount resistors are 
preferred and for larger currents and their 
associated power levels small arrays of series 
or parallel resistors can be used to share the 
dissipation. Wire-wound resistors provide 
higher operating temperatures, but usually 
have higher temperature coefficients and 
higher inductance, which might cause 
problems for high frequency signals. If 
absolute tolerance is not critical a simple PCB 
trace can be used for small resistance values, 
it should be noted that copper has a typical 
temperature coefficierA of 'fO.393% / °C., see 
page 1 1 . 

1 * 
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Figure 6 below shows the range of current 
monitoring solutions and their associated 
performances and costs. It shows that where 
this function is not built in to some other IC, 
good performance at a reasonable cost can be 
achieved with the Zetex ZXCT range and other 
eompetitor d^ices. 



Figure 6 Current monitoring solutions 



Possibiecurrent 
sensing 
solutions 


ZXCnwries 


emnpatitor 
^Motions 


Operational 
amplifiers 

(+ transistor) 


Internal 
function in 
otherlCs 


DiserMe 
transistors 


BrM 
description 


Dedicated 10 for general 
current monitoring 


1 op-amp driving a 
discrete transistor 
emitter follower 
OR wide CM 
op-amp with 
differential 
configuration 


Similar IC 
circuit built 
into Aoor 


Commonly 2 

discrete 

matched 

pairs with 4 

external 

resistors 


Component 
count/PCBarea 


1 SOT23(5) 
1 or 2 external 
resistors 


1 SOT23-5 

or IVISOP8 

1 or 2 

external 

resistors 

(poss. 

internal 

Rsense) 


1 op-amp, 1 
discrete, 3 to 6 
external resistors 
depending on CM 
range 


No additional 
component 
count or 1 
Rsense 


2SOT23-5 
4 resistors 


Total 


2or3 


1,2 or 3 


Sto8 


Oorl 


6 


Functionality 
options 


Unipolar, 
comparator 


Unipolar, 

bi-directional 

comparator 


Just unipolar, 
with component 

above 


Any other 
functionality 


Just unipolar, 
with 

components 
^ove 


Volume 
prlee 


zxcTiooanoio 

low 


General 
purpose 
medium 


Low to medium 
depending on 

spec 

(but dual or quad 
op-amps give other 
functionality) 


Almost free 
for simple 
current 
monitoring 


Low 


ZXCT1 021/1022 
low-med 


Precision 
high 


Typical 
accuracy 

eioomv 


ZXCT1 009/1 010 
1% 

ZXCT1021/1022 
3% @ lOmV 


0.5 -2% 


0.5-4% 


0.5 - 10% 
(depends on 
design and IC 
prarasa) 


4-10% 


Thermal 
performance 


ZXCT1009/1010 
fair 

ZXCT102X 
good 


Good 


Fair - good 


Depends on 
design. 
Fair to Good 


Poor - fair 


Supplyrange 
(V) 


2.2V-20V 
(100V+ with 
apps cct) 


2.7V -28V 
3V - 36 or 
60V 


Depends on 
op-amp, 
typically 18-36V 


Depends on 
IC process 


40 -100V max 
with little 
extra cost 



fZEnx 

SEMICOHOUCTO** 



AN39 - 8 



ISSUE 4 - FEBRUARY 2004 



Applw«ymNote 39 



Chapter 2: 
Zetex ZXCT produet description 

2.1 Performanee summary 



The Zetex ZXCT current monitor range has 
been designed specificatly for resistive DC 
current measurement discussed in chapter 1. 

The ZXCT1 009 high side current sense monitor 
is the simplest product available with only 3 
connections, it is intended for cost effective 
applications. Its constant current output is 
proportional to the voltage sensed across a 
resistor; this allows a wide current range to be 
measured accurately when the appropriate 
sense resistor is chosen. This principle holds 
for all the ZXCT range. 

For example consider a SOmV sense voltage, a 
1 mA current could be siensed with a SOQ sense 
resistor or a 50A current could be measured 
with a ^ma sense resistor. 

This output current is then converted into a 
voltage with a user defined du^ut n^seor 
allowing flexible scaling. 

The ZXCT1010 adds a separate ground 
connection to the ZXCT1009 to remove the IC 
supply current from the output, reducing 
output curresit af^et. 



The ZXCT1 009/1 010 output a current 
corresponding to a sensed voltage. 

The ZXCT1021/1022 are precision high side 
current sense monitors which output a voltage. 
The ZXCT1021 provides a fixed gain of 10 while 
the ZXCT1022 has a gain of 100, for applications 
where minimal sense voltage is requb^. 

The very low offset voltage enables a typical 
accuracy of 3% for sense voltages of only 
lOmV, giving better tolerances for small sense 
resistors necessary at higher currents. 

The wide input voltage range of 20V down to as 
low as 2.5V make it suitable for a range of 
applications. With a minimum operating 
current of Just 25pA, combined with its 
SOT23-5 package make it suitable for portable 
battery equipment too. 

The ZXCT1030 is a high-speed version with 
internal 1.2V bandgap reference and 
comparator for over-current applications. The 
current monitor and comparator have large 
signal step response times of around 200ns. 



Figure 7 Perfprmance simnnary 
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Chapter 3: 
ZXCT application jnotes 

ZXCT1 009/1 010 application notes 

3.1 Basic calculations for use Example calculation 

The following lines describe liow to scale a A 2A current is to be represented by a 100mV 

load current to an output voltage. output voltage: 



Figure 8 Typical appliration circuit 
\fm ^—am To load 

e-cuD— t— ► — 



Vtn Load 
ZXCT1009 
lout 



1 



Vout 



Figure 8 shows the basic configuration for 
monitoring a current. Rload represents any 
load, such as a DC motor, charging battery or 
any other circuit which requires a current 
monitor. 



VSMHW- Vin - VloaD = RnmaX luMO 



Vout = 0.01 X Vsanse X Rout 



1. Choose value of Rsensa to give 

50mV>Vsense>500mV 

e.g. Vsense = lOOmV at 1 .OA 

.-. Rsense= 0.1/1.0 = 0.10 

2. Choose Rout to give Vout = lOOmV, 
when Vsense = lOOmV 

Rout = Vout/ (VsenseX 0.01) 

Reut 0.1 / (0.1 X 0.01) > 100Q 



3.2 Low 6^ solution 

When cost is a critical factor in the solution, the 
copper trace of the PCB can be used for Rsense 
(figure 9), instead of a conventional surface 
mount resistor. 

FIguraS POrasMlii* Iran usMi for l^m* 




Total circuit solution: 2 components. 

Shows area of approximately 50m£l sense 
resistor compared to SOT23 package. 



BZFJFX 

mShcohduotobs 
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Fl^ira W Effect of sense resistor matnM on 
tamperature performance 



3 



1.5 

1 .4 



Voltage across Cu sense Resistor 
- Output whli Cu setose resisto 




.2 

« 0.9 

^ 0.8 

5 0.7 



-40 -20 20 40 60 SO 100 120 140 

Tamparatur* (* C) 

Practical tolerance of the PCB resistor might be 
around 5% depending on manufacturirtg 
methods. 

Temperature coefficient of the r^istance of 
Copper is around +0.4% / degree. 

3.3 Transient i^teelion 

In certain applications, especially those which 
contain inductive elements, high voltage 
transients can be present. An additional 
resistor Rum can be added in series with Rout 
(figure 11), to limit the current from lout. Any 
circuit connected to Vout will be protected from 
input voltage transients. A zener diode can 
also be placed between Vout and ground as 
optional protection for connecting circuitry. 

F^rell ZXCT1009 wiltti adiAUofial eun!»it 
limiting mtistor 



Assuming the worst case condition of Vout = 
OV; providing a low impedance to a transient, 
the minimum value of Riim is given by:- 

R^mm)m — 

ypk" Peak transient voltage to be 
withstood (V) 

Vmm Maximum worl(ing voltage = 20V 

Ipk = Peak output current • 40 mA 



The maximum value of Riim is set by Vin(min), 
Vout(max) and the dropout voltage (see 
transfer charaeteristic 6n pa^^W'^'^^ 
ZXCT1009:- 



Rout [Vin {min)-{Vdp+Vcu, (max))] 



Vcut (max) 

Vjn(min) = Minimum supply operating 
voltage (V) 

Vdp = Dropout voltage (V) 

Vout(max) = Maximum operating output (V) 



To load 



Jl. 
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Cxtenidecl supply r«nge 



The ZXCT1009 has a maximum operating 
voltage of 20V. Where higher voltages are 
used, the following circuits can be consideresl. 

3.41 Simplest circuit for Vm > 20V: 

In the case where the supply voltage range 
(Vin min to max) is not more than the range of 
the ZXCT1009 (20V - 2.5V => 17.5V), 1 zener 
diode can be added in series with Rout. 
(Figure 12). 



The zener voltage is chosen to make Vin - 
& 26V, ^ th9 max input voltage. 



Vio 



E.g. Supply voltage range 
between OV and IV. 

Choose a 10V zener diode. 



15V to 30V, Vout 



Consider lout as the device's ground 
connection, the ZXCT1009 will be supplied 
with: 



Figure 12 Extended supply range uritig a 
Zener diode 

Rsense 



Vin 



To Load 



Rout 



15V - 10V - IV => 4V minimum - ok 
30V - 10V - 0V => maximum - c* 



3.42 For Vm 
supply range 



20V wMi larger ii^ut volt^e 



This circuit (figure 13) can be used for correct 
operation during transients or high input 
voltages and is only dependent on the voltage 
rating of the chosen transistor; Vceo- 

Figure 13 Extended supply range using 
additional transistor 



Rsei 



Moad 



< 



TR1 



V,ut 



TR1 is used in common base configuration and 
is used to drop most of the supply voltage 
between collector and emitter. When the 
current gain is reasonably high (>100), Ic = Ie 
and lout still flows through Rout and hence Vo» 
can be calculated in the normal way. 

Ri roust be ciiosen to preserve the ZXCT1009's 
normal supply range, large enough in value to 
provide the minimum operating voltage to the 
device at ^ low^ supply voltage but not too 
large that the maximum device operating 
voltage is exceeded at the highest input volta^. 

E.g. Vin = 20 to 100V, Vout > 2V 

Choose the R1/R2 current to be 0.5mA to keep 

the power dissipation in R2 low. 

At Vin 100V, choose Ri to supply the device 
with 20V. 

Vri is then 20V (ignore the Vbe of TR1). 
Ri = 20/ 0.5 x 10E-3 => 40kQ. Choose NFV 39kfl. 
\^ B 100V - {39x1(0 X O&dOErM '> SOSV 
R2 = 80.5V /.0.5x 10E»3 -> 1 61 kfl. ©loose NPV 

laokn. 



SCMICOMPUeTORi 
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Now check for minimum device voltage: 

[20 X (Ri / (Ri + Rz))] - IVbe * 3.56V ■ 0.6V => 
2.96V -ok. 



And maximum device voltage: 

[100 X (Ri / (Ri + Rz))] - IVbe = 17.8V - 0.8V => 
17.2V -ok. 



3.43 High voltage/reverse protection. 

In addition to the methods already described to 
protect the ZXCT1009 against over voltage, 
figure 14 shows how a zener diode can be 
connected between lout and Vm. 

Figure 14 IHigh voltage / reverse protection 



3.44 For Vbi > 20V with large sui^ly ranges 

If a larger supply voltage range is needed a 
zener diode can be used to sustain a suitable 
operating voltage for the ZXCT1009, e.g. 4V7. 




This will keep the ZXCT1009 within its 
permissible operating voltage by conducting 
at its zener voltage. RI is used as normal to 
scale an approprtate output voltage. 

In a condition whereby Vin becomes negative 
with respect to ground, the diode will become 
forward biased pr<^iecting the 
device. 
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3.S Bi-directional current sensing 

Figure 1 5 Extended supply range ising 
^dKioiMl trtuMffisior «ffllitoMr 



2*2 



Moad 



Vout 



The ZXCT1009 / ZXCT1010 can be used to 
measure current bi-directional ly, if two devices 
are connected as shown in figure IS. 

If the voltage Vi is positive with respect to the 
voltage V2 the lower device will be active, 
delivering a proportional output current to 
Rout. Due to the polarity of the voltage across 
RsENSE. the upper device will be inactive and 
will not contribute to the current delivered to 
Rout. When V2 is more positive than Vi , current 
will be flowing in the opposite direction, 
causing the upper device to be active instead. 



Figure 16 Bi-directional current sensing 

lOUtj- 

Load I ~ 



Vin 



V, 



VIn 



lout 



Load 



Vout 
— o 



[|rc 



Non-linearity will be apparent at small values 
of VsENSE due to offset current contribution, 
therefore the ZXCT1010 would be preferred to 
minimise this. Devices can use separate output 
resistors If the current direction is to be 
monitored independently. 

In normal unidirectional current sensing 
applications the grey internal diodes (part of 
the internal circuitry) are not biased, in this 
bi-directional application care must be taken 
not to forward bias them too hard. This will not 
happen for sense voltages less than ±500m\/. 
For applications needing to take the load pin 
more than SOOmV above Vin, the grey resistors 
must be added to limit the forward current to 
1 mA max. The input current to the load pin will 
cause an extra error voltage across the limiting 
resistor, but in most cases this is small. 10k is a 
suitable value which provides reverse voltages 
up to 10V above Vin and the error voltage, 
which adds to Vsense, is ImV with the worst 
ease input rajrrent of lOOnA. 

Figure 17 M-MtMltiomit troti^Btr flmeHon 
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3.6 Short eireutt piotn^on / over-current applications 



The circuit in figure 1 7 senses the current in R1 
- 22 mil, which is fitted between optional 
reservoir capacitors (CI & C2) and the load In 
question. The small voltage developed across 
R1 is converted by the ZXCT1009 into a 
proportional current in resistance R3. 

When monitoring an inductive load where 
voltage transients may be present, R2 and C4 
provide filtering to ensure conrect operation. If 
the load is purely resi^ve these component 
can be omitted. 

Transistor Q1 serves to reduce the voltage 
seen by U1 and operates as a zener diode In its 
reverse Vbe breakdown mode. Q1 is not needed 
when operating with supplies below 20 volts. 

The voltage developed across R3 is then fed to 
U2 (ZR431L) which Is a programmable voltage 
reference used as a comparator. When the 
voltage on the Vref pin exceeds 1 .24 volts, the 
device conducts, pulling the open collector 
output low. The required pull-up resistor can 
be connected to any supply rail of choice up to 
20V, The advantage of using the ZR431L as a 
level detector in preference to a eansistor Vbe 
or a FET Vt is that the voiti^ sense level is 
virtually independent of temp^^iture. 



The sensitivity of the current limit can be 
increased or reduced by adjusting the value of 
R3 to develop the required 1.24 volts at 
different currents. C3 provides a time delay to 
prevent false triggering. 

Value of current that causes the output to 
switch can be calculated by rearranging the 
datasheet formula: 

Vout = Vref = 0.01 X Vsense X Rout 

(Vref = 1 ■24V, Rout = R3 and 

Vsense = IlOAD X R1) 

So the trip current will be: 
'*''P = 0.01xmxR3 

For the example in the application circuit: 



0.01x0.022x1000 ^ 
Itrip = 5.6A 

For a more integrated solution for over-current 
applications see the ZXCT1030 with internal 
oxnparator and reference. 



Figure If 
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ZXCT1021/1022 appflii»tion notes 
3.6 Basic calculations for use 

The following equations are used for 
configuring the ZXCT1Qj;X/2i. No 
output<9caiing resMor is ret^utiwl ttiese 
<tovii3e$. 

Vout = Gain X Vsense 

Vsense= Vin - Vioad 
ZXCT1021: Gain = 10 
ZXCT1022: Gain = 100 

Figure 19 

Vm To toaa 



Vln Load 
ZXCTiOTx 

mm m& 

' o Vout 

• : 

Figure 19 shows how a single sense ri^ta^or 
is required to measure current. 



Example 1: 

A 20A current must be sensed with a maximum 
of SOOmW dissipated power within an accuracy 
Of 3%. 

Poww-l^xR 

■•• Ksense = 1 .ZSWtW 

4 X 5mfl resistors in parallel 

Vsense at 20A = 25mV 

So the circuit must have a typical input offset of 
3% at 2§mV s TSOjiV. 

The ZXCT1021/22 were created to meet these 
design requirements such as these. They are 
r«Ked St ^3% at lOrnV ^nse voltage 

Example 2: 

IDA is to yield an resulting output voltage of 
approximately 2.56V for an ADC input. Rsense 
must be smaller than 1 0mO to minimize power 
loss. 

We have the choice of a ga In of 10 or 100* whi^ 
gives the best value of Vsense? 

Vsense = Vout / Gain: 

Vseme'' 2.56/10 ^ISfimid or 

Vsense = 2.56/100 - iUlIlK 

To obtain VIn&se l Umme valtm at 10A, Rsmm 
must be: 

•^sense - 256m V / IDA = 25.6ma or 

Rsense = 25.6mV / 10A = 2.56mn 

r^sense Is to be less than lOmfl so we choose a 
gain of 100 i.e. the ZXCT1022 with a 2.5mn 
sense resistor, which could be two Smfl 
resistors in parallel. This yields 2.50V at 10A. 
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3.7 ZXCT1030 app»lteatior» 

3.71 Basic calculations for use. 

The ZXCT1 030 takes a voltage across the sense 
resistor and transfers its from a large common 
mode supply voltage, to a ground referenced 
signal v^th a 3aJnt»f 1Q« 

VoMt « Vm«» SE to 



Figure 20 Typical application circuit for ZXCT1030 
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3.72 ZXCT1030 with tatefataig suvitch 



The ZXCT1030 device incorporates an on 
board comparator with an open collector 
output. Tlie output will usually be connected 
to the supply rail via a pull up resistor. This 
signal can then be applied to other circuit 
elements to assist in control over various 
circuit functions. A potential divider resistor 
networit can be connected between Vref_out 
and Comp_ln to modify this. Resistors R3 and 
R4 have been used to latch the comparator. 
The potential difference at Vsense- must be 
greater than ttMt at Compjn for the device to 
latch. 



The circuit in ftg&te 21 shows how the 
ZXCT1030 can be used to measure the current 
flow into a dc motor. The output from the 
comparator is connected to a MOSFET device 
whi^ can switch the motor off. The output 
level at which the MOSFET will switch is 
determined by thetiip'level of the comparator, 
which Is set by the reference . The diagram 
above the comparator is connected to Vref_out 
and compjn for a 1 .2V trip level. 



Once the device is in the latched state, the 
N-channel FET will remain off. To unlatch the 
device, Vout can be taken to ground potential, 
or the power can be reset. 

Figure 21 IMeasuring current into a motor with latching switch configuration 
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In tfie case where extra sense resistance 
cannot be inserted in the supply circuitry and a 
Mosfet line switch Is already laeing used, it can 
double up as a sense resistor where the 
MOSFET RDs(on) is tine value of Rsense- 

It must remembered tfiat the iVIOSFET RDs(on) 
will not be well defined and that its value can 
change over 60% with extremes of 
temperature. The lOkQ resistor is only needed 
in cases where the load voltage could be 
higher than Vin, for example in the case where 
the load is a battery, where upon, the ZXCT 
device's Vin and Load pins could be turned 
round to monitor circuit consumption from a 
battery if required. 

Meowing ojFrents in fiiil (H) bridges can 
achieved with one resistor in the top (or 
bottom) of the supplies to the bridge, but the 
circuit Iselow shows a way of measurir^ the 
forward and re!W!S* etorents in meter, or the 
applied and ctrei^Mf%etirrents In a solenoid. 

The separate outputs could be connected 
togetherby a small signal MOSFET to form one 
signal if required when using the ZXCT1009 or 
ZXCT1010 constant current output devices. 



figurt>7Z Using a MOSFET 4e RMm 
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Chapter 4: 

Magnetic AC and DC current measurement 



This chapter provides a functional ov^view of 
the Zetex range of magnetoresistive sensors 
for indirect current measurement. For an 
in-depth article on magnetic sensor principfes 
please see AN37. 

Magnetic current sensing devices offer 
intrinsic galvanic isolation; the signal voltage 
develops as a result of changes in the IC's 
permalloy structure due to the imposed field 
from a load-carrying conductor (integrated in 
the pacltage) or from a high current wire 
(external). 

These parts are specifically chosen when 
isolation between load and measurement 
circuitry is required, or when ultra-low 
insertion losses are essential, as the parts 
generally carry a cost premium over the 
resistive method. 

The Zetex ZMC product series (magnetic 
sensor on internal flat current conductor) 
provides up to 2kV isolation for high voltage 
environments and practically no insertion loss. 
The Zetex ZMY(M)/ZMZ(M) product series 
(sensor only) offers even higher isolation and 
potentially higher current measurement when 
the external conductor placed at a suitable 
distance from the sensor. 



As there is no electrical connection, there is no 
insertion loss and no power supply restriction 
between the measured current and the 
corresponding output voltage. 

Furthermore, there are no competing factors in 
the choice of high side or low side current 
measurement, indeed the current in any 
circuit, regardless of potential (up to the 
maximum isolation voltage) can be obtained 
with no extra complications. 

Unfortunately, magnetic sensing ICs are also 
prone to non-linearity and temperature 
coefficient problems, although contemporary 
processing techniques greatly ease these 
considerations. 
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Ikt AMR magnetie Held ^^imm 
description 

The ZMC/ZMY/ZMZ series magnetic sensors 
use AlWiR teclinology. AMR sensors 
(anisiWoiptG magnetoresistive sensors) are 
made of a nickel-iron alloy (NIsiFeig) thin film 
permalloy deposited on a silicon wafer and 
patterned as a resistive strip. The film's 
properties cause it to change resistance by 2 - 
3% in the presence of a magnetic field. 

In most applications, a single AMR-resistor 
would not be suitable, as it does not provide a 
zero reference. This disadvantage as well as 
the temperature dependence of the resistance 
can be avoided by using a Wheatstone bridge 
(AMR-bridge). Furthermore, the output signal 
of an AMR-bridge is twice as high as with the 
single AMR-resistor. The figures below explain 
how th» AMR-bridge is laid out and the 
correspon^^. electrical connections. 



4.2 Basic introduction to the current 
measurement with AMR sensors 

This application chapter provides a very basic 
introduction to anisotropic magnetoresistive 
(AMR) sensors for those users who may be 
unfamiliar with their, characteristics and 
modes of operation. 

The thin films are arranged into a Wheatstone 
bridge wired so that 2 of the 4 resistors 
increase when a field is applied and the other 2 
decrease. The bridge is balanced by laser 
trimming. By comparing the mid-point 
voltages with a differential amplifier, an 
extremety sensitive field sensor can be made. 

The electrical current In a cable or wire creates 
a magnetic field that surrounds this element. 

The H-field decreases as the reciprocal of 
distance from the current element. An AMR 
bridge sensor can be used to detect or to 
measure this H-field and consequently either 
DC or AC currents. Pulsed currents of AC 
content up to 1 0OkHz can be reliably measured. 



Figure 24 Physical and electrical sensor connections 
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4.21 Sensor position for external conductors 

A large diameter cable (see figure 25) makes 
the lirw of flux cutting through the sen^^ 
relatively flat (you could also consider a 
smaller diameter conductor with the same 
distance from the centre to the sensor). 

This means if the position of the sensor or 
cable were to change by a small amount the 
measure field would remain almost constant. 

However a relatively small cable placed on top 
of the package (figure 26) will have a very 
curved field and the sensor's output will be 
sensitive to any change of relative postion. 

Figure 27 shows how the flat conductor in the 
ZIVIC products has a very flat lines of flux near 
the sensor which ensures a predictable 
sensitivityi 



RguniZS Sensing (sHam^iGar cables 




Figure 2S S««lng small diamMer Mbtes 
H-field 




strongly curved 
Hy-field at the sensor 
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Figtvc ZS UMfng a magnetic core 



4.22 Temperature coefficients 




unit 



A core of ferromagnetic material, for example 
iron for mains frequencies, can be used to 
enclose all the lines of flux from a conductor 
which has the following properties: 



t) 



2) 



The conductor will induce the same 
magnetic field strength in the sensor 

regardless of position within the loop. 

The enclosing of ail lines of flux yields 
maximum sensor sensitive for a 
given current. 

The core will exclude imposed 
pc^netic fields providing a level of 



4) Ttte dtsadvanti^ to <^IMs4«^, siie 
and weight. 



If the user wishes to measure fields accurately 
over a wide temperature range, bear in mind that 
the sensitivity in mV/V itself has a temperature 
coefficient of -0.3%/K. There are two ways to 
cancel this, either via temperature-dependent 
circuitry in the external amplifier or by using 
constant current drive to the bridge. Using 
constant current, the +0.3%/K coefficient of the 
bridge resistance results in the bridge voltage 
rising at +0.3%/K which cancels out the -0.3%/K 
decrease in the sensitivity. This is because the 
output is in mVA/, so a 0.3% greater bridge 
voltage results in 0.3% more mV. One problem 
here is that the absolute bridge resistance has a 
tolerance of ±30%, so the current must be set up 
for the particular bridge, otherwise the output 
voltage would be excessively low for low 
resistance bridges. 

It will often be preferable to supply the bridge 
with a regulated voltage and design an 
amplifierwitha te mperature coefficient of gain 
of +0.3%/°C to avoid having to set up paiticular 
bridge currents. 

4.23 Frequency response 

It is useful to know the two effects, which limit 
the frequency response of AMR sensors. One 
is the magnetic inertia" of the permalloy, 
which means that the magnetic domains take a 
finite time to align themselves with the 
external field. This means that the magnetic 
sensitivity rolls off at 1MHz and the field 
sensors can not be used above this. 

In addition, the conductor carrying the current 
to be measured is subject to the "skin effect" 
(only the outer portion of the conductor carries 
current) which means that the field is not 
proportional to the current above 100kHz. The 
AMR chip measuring this field will therefore 
give erroneous readings and the ZMC series 
can rtot be used above this ff^Mtff^- 

It is important to remember that while &m ZMY 
products have a ^leoretteally higher fi-equency 
response, any external current carrying 
conductors will exhibit skin effects at some 
frequency. If large currents are to be measured at 
frequencies above 100kHz, fewer problems 
might be encountered min§ Ute resistive 
mdhod. 
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Chapter 5: 
Zetex ZMC product description 



The ZMC05, in an SMS package, measures 
currents up to 5 amps. Tlie ZMC10 device 
measures up to 10 amps. Tlie ZMC20 
measures up to 20 amps. 



Tlie current conductor in the ZMC series runs 
under a magnetic sensor and is isolated from 
the leadframe by a glass insert capable of 
withstanding 200 volts on the ZIVICOS and 2000 
volts on the ZMC1 0/20. The 2000 volt types are 
ideal for measuring hlgh•^side currents, e.g. in 3 
phase mains. 



Figure 29 ZMC products summary 
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number 
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V 


Max. measwvabie 
input/output current 

A 


Isolation 


Operating 
frequency 

kHz 


Norribwarity 

error of open 
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nA 


@v 


ZMCOS 


12 


5 


100 


200 


100 




SM8 


ZMC10 


12 


10 


J5 


2000 


100 


<112%| 


DIL-14 


ZMC20 


12 


20 


5 


2000 


100 


<|12%| 


DIL-14 
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Chapter 6: 
ZMC10 application notes 



The 4.7k£2 pot is used to zero any offsets in the 
circuit and the 100£2 pot adjusts the bridge 
current to be 10mA. Constant current drive 
improves the temperature coefficient as 
explained earlier. Note that having two 
bridges in parallel halves the total bridge 
resistance. A Burr-Brown INA125 is used as an 
instrumentation amplifier and gives an output 
of ± 1 volt for an input current of ±10 amps. 

An evaluation board for the ZMC10 is available 
which has 2 devices and so can measure and 
compare 2 currents. It has comparators and 6 
LEDs, which give an indication of various 
current measurements being performed. 



There are also analog test points to look at the 
various voltages, enatiling the user to 
understand the operation of AMR sensors as 
current measuring devices. The sensor 
constant current can be set by linlts, enabling 
the user to understand how the operating 
conditions affect the acemitef of the 
measurements. 
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